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Mitroaen-containinQ liaandfi 

This InvenHort nalates to nltrogen-oom^inlng ligands and In particular to nilrogen-contalnlng 
ligands supported on polymers, metal oxides or silica materials thai provide a means for 
immobilising m^tel catalysts. Such immobnised metal catalyste ere useful for accelerating and 
directing chemical reacHona whose products are useful, for example, as chemical intermediates 
or reagents for use in the production of fine chemicala or phamiaoeuiJcal Interniediatas. 

Nitrogen-containing llgands are a particularly useftJl group of Uganda which find widespread use • 
In asymmetric catalysis (see "Nitrogen-coni^inittg ligands for asymmetric honyogenBous and 
hBterogeneous catalysis", Fache et al. Ch&m. Re\/., 2000, 100. 2159''2231>. 

The fixing of homogeneous catalysts to solid supports provides the potential for extending the 
benefits of heterogeneous catalysts to homogeneous systems. These benefits include easier 
separation of catalyst and reaction products leading to shorter woric up times and improved 
process efficiency, the potential for re-activation and re-us© of the supported catalysts which 
are often based on expensive metals and complex ligand geometry, and the possible 
adaptation of the immobilised catalyst to 'contiriuous flow fixed-bed processes. 

Strategies for homogeneous catalyst Imnnoblilsation have bean based on absorpUon, ion 
exchange or tethering the catalysts to a support using covalent attachment By covalent 
attachment we mean the formation of a covalent bond between support and catalyst Covalent 
attachment Is attractive for providing catalysts that may be more robust to catalyst teaching and * 
hence retain higher activities upoh .re-use. Covalent attachment of the metal catalyst may be 
achieved by forming chemical bonds between a ligand and particles of a polymer, fbr example 
polystyrene, or oxide material, for example siGca. that has been subjected to a surface 
functlonallsation 

. immobilisation of nitrogen-containing llgands, such as diamines to polymer supports Is known, 
but attempts at covalent immobilisation of such llgands has been restricted to formation of 
bonds via functional groups linked to the nitrogen atom(s) of the ligands. For example the 

. amine group may be reacted- with a benzenesulphonyi-funcHonallsed polymer (see Lemaire et 
al« Synleit. 19g7. 1257 and Williams etal, T^tmhedfon LetL 2001, 42. 4037) or alternatively 
the amine group may be reacted with chlorosulphonyIb$ri20ic acid and the resulting 
functlonalised diamine reacted with aminomethyiated polystyrene, (see Bayston et at, 
TBtrsh^dron. A^ymm-, 1998, 9, 2016). These 'nitrogen- Immobilised' diamines are depicted 
below. 
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cal&lyste however do not provide high levels of activity or selecllvlly^ partloutariy upon 
re-US©. For example, the ruthenium-catalysed reduction of acetophenone using the latter 
ilgand was wamin^d and the activity of the catalyst was found to decline mortcedly upon reuse 
and be dependent on the type of polymer used. It therefore appears that the immobilisation of . 
nitrogen-cantalnlng ligands via ihe nilrogen atom(5) is undesirable because the presence of the 
linking gn>up3 on the nitrogen atoms effects the stability, activity and/or the selectivity of the 
catalysts. 

'Furthermore, the presence of a linking grpup attached to the nitrogen atom(3) of euch nifrocfen- 
containing ligands prevents useful derivatives such as Schiff bases or caflonio ligands from . 
being readily prepared. 

' We have found that immobilisation of the nitrogen-coiitaining ligands may advantageously be 
performed via functional groups attached to carbon atoms linking the nitrogen atoms. 

It has been proposed In our co-pending PCT applicatlpn 6802/00527 to prepare an 
Immobilised ligand by reaction of a functional group-cbntalning llgand wHh an org^ofunottona! 
silica, wherein the organoftinctlonal silica Is prepared, by co-hydroIysIs of an alkyl silicate and 
an organofunctional si lane. That applicallon specifically discloses immobilised phasphine 
ligands. While the aforementioned PCT application also suggested that nitragen containing 
ligands such as diamines and Schiff bases could be employed as a functional gn5up<»ntaining 
ligands, it did not specifically disclose such ligands having functional groups attached to the 
carbon atoms linking the nitrogen atoms. . 

Accordingly the present Invention provides an immobilised nitrogen-containing ligand 
comprising the reactlon.product of a compound of formula (i) 




(I) 
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wherein R^, R®. and are independently hydrogen, q saiurfitad or unsaturated C1-C10 
alkyi group, an aryl group, a urelh^ne Qraup, a sulphonyl group or form an imine group, R\ R\ 
r^ and r^"* are Indapendently hydrogen, a saturated Or unsaturated C1-C10 glfv^ group 
or an aryl group, n to 0-2, and at toast one of r\ R'^ ,R*, R* and Is funotfonalised with a 
5 functbi^al group, and a aofid support having a site capable of raaoling with said fUnctloncil 
group. 

Preferably n is 0 or 1 , R\ and R^ are hydrogen and at least one of R^» R*, and fC^ is a 
• functional group-containing aryl group. Where R^ R*; r' and R* are saturated or unsaturated 
10 C1 -CIO alky! groups or aryl groups, it will be understood that these groups may themselves 

(urthar comprise functional groups selected from the Kst comprising halogen (CI, Br, F or I), 
hydroxy!, carbonyl, carboxyl, nitrile. mercapto, alkoxy; amine, Imlne, amide and imida. Thus, In : 
one embodiment ihe nitrogen containing ligand 1$ a diamine where preferably, R^ and 
R° are hydrogen, sulphonyl or urethane groups. In a further embodiment. NR V and NRV 
13 ronm imlne (N=C) groups whereby R^ and are omitted and R^ and R^ are 9S defined above, . 
and In yet a further embodiment and R^ forni a ring linked by between 1 and 3 carbon atoms 
and R^ and R^ are as defined above. Btamples of these embodiments, where n Is 0 or 1 . R\ 
R^ and r' are hydrogen and R', R^, and R^° are ftincUonai group-containing aryl groups are 
depicted below; 




Preferably R\ R^ R4. R^ and R'° are chosen such that the nitrogen atoms are bonded to 
chiral centres and the nitrogen-containing ligand Is chlral. The ligand may be homochlral, La 
(R.R) or (S.S) or have ons (R> and one (S) centre. Preferably the ligand is homochlral 

25 The functional group on at least one of r\ R^ R\ R4. R° and R*"* that may be used to bond to 
the support may bo any that is capable of reacting with the support material and which does not 
prevent the catalytlcaliy active metal complex from reacting with the ligand. One or more 
functional groups may be present which may be the same or different. Such groups Include - 
halogen (CI, Br. F or I), hydroxyl. alkoxy. carbonyl. carboxyl. anhydride, cartena, methacryl, 

30 epoxide, vinyl, nitrfle, mercapto, amine, imlne, amide and imlde. The functional groups to be 
reacted wfth the solid support may conveniently be Introduced into the nitrogen containing 
ligand during its preparation. 
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Suitable nitrogen containing ligands include but are not restricted to the following where X and 
Y ara functicunai groups as defined above 




• NH2 





l>4HBoi 









If a funcHanal group avaibble on the nitrogen-containing tigand is unsuitable for reaction with 
the solid support, it may be converted by chemioa! reaolipn or alternatively, *e ligand may be 
reacted with a linker moleoule that provides a suitable functional group capable of reaction with 
the solid support The HnKer molecule may be any that contains a functional gnaup that is 
capable of reacting with at least one of H\ r'. R° .R^, and and provides a suitable 



functional group in the resultant ligand capable of reacting with tha solM support SuitaUe 
10 linker, molecules include C1-C1D alkyl. alkoxy. ag. polyetbylenegiycol (PEG), alkyl-aryl, aryl, 
pheripjv oranilWe compounds containing functional groups seleoied from halide, hydroxyt, 
cattonyl, carboxyl. anhydride, carbene. methaoyl. epoxide, vinyl, nitrile. mercapto. Isocyanate. 
amine, imlne, amide and imide. In one embodiment the linker molecule is polyethylene glycol 
and preferably the linker molecule is PEG 2000 (I.e. a PEG having a molecular weight of about 
15 2000). Advantages of preparing the nitrogen-containing llgand in this are that new 
functional groups may be introduced in a way that la not generally possible In commercially 
available starting materials and that functional gnaups may be Introduced at a greater distance 
from tha nitrogen atom. ... 
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Methods for preparing enantipmerlcally pure 1> and 1,3-rtltrogen contalnlnfl ligands such a? 
diamines, either directly by asymmetric synthesis or by synthesis of racemlc mixtures followed 
by chlrai resolution are known. We have found however that many of the routes to non- 

5 functtonaiised ligands do not work well for fUnctionallssd ligands. We therefore have , 
developed a new route to preparing funcbonalised ligands. particularly 1,2-diamines and their 
derivatives such as Schlff bases or cationic compounds, based upon one used to prepare 
enantiomerically pure substituted hydnobenzoins, (see Noyorl et al, Org. Lett 1899, 1, 1119). 
Whereas In the presence of 0,1 mql% of RuCIKR.R)-Tsdpen){tl Vcymene), u^ng a mixture of 

10 HCOOH-EtsN (3.1:2.6) as hydrogen source,, asymmetric transfer hydrogenation of benzils 
affords the (S,8>-hydrobenzolns quantitatively with high dlastereomorlc (>95% de) and 
enantiomeric purities (>93% ee), we have found that under the sssme conditions, replacement 
of the bensTls with funQtlonalised benzoins gives funclionalised (S,S)"hydrobenzoins with same 
yield, de and ea, in which the benzoin with a .chirally labile stereogonio canter is converted to 

15 one major stereoisomer. (S,S)-product. via dynamic l^inetlc resolution. As functionaHsed 
benzoins can be readily prepared from the connesponding lUnctionalised benzeldehydss by 
benzoin condensation, tills route pnsvldes an efficient method to prepero enantiomerically pure 
functlonalised 1,2-diarylelhyienediaminee. This route is depicted below; 



Ar 



O ftuClI(R,B)-T&dpen)(Ti^-p-oyrr»en0) {0.1 mol%) 

J i*infiff Art I 




OH 



6h - i^J^P' ^0 ^ 

Functlonalieed Functionafised FuhctionaBsed 

bsnzaldenyde Benzoin Hydrobenzoln 



Functtonaiised ^""-^ 



Ha 



Thus the invention also provides a method for prepanng a llgand of formula (i) wherein n is 0, 
R^and R^ ara hydrogen, r'^ and R* are functional group-contatnlng aryl groups and R^ R^ R^ 
and R* are hydrogen, 

(i) 

comprising the steps of; 

(a) Perfonming a benzoin condensation on a functlonalised benzaldehyde to give a 
functionallsed benzoin, 
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(b) rfedudng the functionalised benzoin to give a functtofialisecl hydrobenzoin, 

(c) transforming ihe functionalised hydrobenzoln Into a funcdonalleed 1.2-diafylamIna, and 
(d> reaetlrtg the funoitonallsed 1 .Z-dlwlamine with a'solW support having a site capeWe of 

reacting wHh said funotionalteeil 1,2-d1aryl?inilne/ 

The functlonai gmup on the aryl group may be In the ortho, n^eta or para position. However, 
when'the sutetiwent is at the mete-position of the phenyl ring it minimizea the electronic effects 
an the amino group, which not only facilitates the synthesis of th^e dlaminas, hut also tjonefits 

5 these diamines as llgands. Thus in a preferred embodiment the fUncttonalised diamine Is an 
en^ntjomerlcally pure 1 ,2-dK/n»te-substltuted phenyDethylenedlamlne. THa synthesis of a 1 ,2- 
dK'T'ete-substituied phenyl)ethylenediamlne begins, for example, with the me^a-substltuted 
betealdehyde. By benzoin condensation, the corresponding benMfna, are obtained in over , 
90% yield. Reduction of the functionalised benzofns may be perfomned by methods know to 
'10 those skilled In the art e.g. asymmetric reduction. Preferably the reduction is perfbrmed by an 
asymmetric hydrogen transfer hydrogenation using e chirel Ru catalyst For example; in the 
presence of 0.1 mol% of BuCIKR;Rj-Tsdpen)(r|^-p-cymene), using a mixture of riCOOH-EtsN 
<3,l:2.S) as hydrc»gen sourtae, asymmetrto transfer hydrogenation of the substituted benzoins 
affords the substituted (S,S)-hydrobenzblns, qiiantltatlvely with high diaslereomsric (>95% de). 

16 Conversion of the fijnctlanaBsed hydroxy benzoin to the functionansed 1 ,2-dlarylamIne may be 
performed by methods known to those skilled in the art Preferably the conversion is 
performed by (a) forming the dlazide, and (b) converting the diazide into the diamine. This is 
preferably performed using the tosyl. derivative of the functionalised hydrojcybenzoin.. 
Treatment of the (S,S)-hydrobenzaIn' with tosyl chloride (TsCl) in pyridine gives the 

20 corresponding 1,2-ditasyloxy derivatives, which may be used directly for next step without 
purification. By reacting the 1 .2-ditosyloxy derivathres with sodium azide in DMF at 75-80"C for 
8 h, the {R,R)-1.2-dia2ldes, are obtained in good yield. Finally, th© (B,R)-1,2-diazide5 may be 
reduced to substituted 1,2-(R,R)-diphenylethylenedlamines in almost quantitative yield by 
LiAlHfinEtaO. 

As stated above, linker groups may bs reacted with the llgands prior to reaction of the linker- 
modified ligand with the solid support For example^ 1,2'<R,R)-dlphenylethylenedIamlne5 may 
be reacted with linHIng groups such a polyethylene fliycoi {PEG} to prepare soluble PEG 
modified 1»2-(R,R)-dlphenylethylenedlamineB. This may be performed for example by 

30 protection of the benzyl-functionallsed OPEN or TsDPEN with Boc. hydrogenolysis. reaction 
with polyethylene glycol, e.g. PEG 2000 as the monomethyl ether mesylate and removal of 
Boc. The polyethylene glycol monomethyl ether mesylate may bs prepared from polyethylene 
glycol, e.g. PEG 2000 monomethyl ether by sulfonatlon with MsCI In the pnesence of base. To 
regenerate the PEG hydroxyl groups, the methyl ether may be e.g. hydrolysad using known 

35 methods. 
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It is possible to Inter-convert the diamines of the present Invention using known methods to 
provide tha imlne and cationic ligands. For example, reaction of the amine groups with ■ 
aldehydes or ketones provides Imlnes, An example of this reaction is depicted below, 



5 IWore recently, methods have bBen developed far trariaformation of diamlnea into cationic 
TC?iL^<^fSS£rbS^"''^'^'^^ 0^teft1999. vo, 1. 953). An example 



10 The Inter-converdon reactions may be pBrfomriiBd upon the diamine ligand before or after 
reacHon' with tiie solid support 

The solid support materials to which the nitrogen-containing ligand having a functional group [$ '■ 
covalently bonded, may be polymers, metel oxldes or silica; materials that have sites capable of 

■16 reacting with said functional group/ The;m8tai oxides include silica, titania, drconia or alumina, 
or mbctures of these. The polymers^may be any that are insoluble in the solvent system used 
for p©rfomr»lng the catalysed reaction and are stable under Sia reaction conditions. Preferably, 
where the raacfa'on is perfonned in polar solventB. the polymer is a polystyrene or a pdystyrdnd 
copolymer of suitable molecular wrelght, which may be further fUncflonalised, vwilh 

20 polyethyleneglyco! or aminomethyl groups. By the term "silica materials" we mean 

organofuncHonal silica materials prepared, for example, by hydrolysis of organofunctional 
silart^, preferably in the presence of alkyl silicates and optionally other metal alkoxides. 

The solid support materials have raactlvB sites capable of rbaction with the funelional group- 
25 containing ligand. These reactive sites -may be selected from hallda {CI. Br. F. or l>. hydrexyl, 
carbonyi, carboxyl, anhydride, carbene, methacryl. epoxide, vinyl, nltrlle. mereapto, Isocyanate, 
amine, imin^. amide and imid^. 




X 




-Y 



30 



In the case of metal oxides, the sites on the solid support that react with the functional gioup- 
containlng ligand may be suri'ace hydroxyl groups, which are present on the hydrated surfaces, 
or may be the result of surface functtonalisation. Surface lunotionalisation of the oxides may be 
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carried dur using a variety of organic compounds 9Mch as carboxyllc acids, anhydrides, 
phosphates, or sulphonates or nrtetal-organlc compounds $uch a& organic titanates, 
aluminates^ zlrconatas or organofunctional silaaes. Preferably surface flinctlonalteation is 
performed using organofunctional sll^nea. Organofunctionai sllanes useful for the present 
6 ' Invention Include vlnyltrimelhoxy silana, vinyltrielhoxysllane, dlchlorodivlnylsttana, 

3-(aminopropyl)trimsthoxysilane, 3-(aminopropyl)lrietho«ysi!ane. (3-(methacryIoyloxy)- 
propylltrlmethoxysilane, [3-{tri(ethoxy/methoxy)silyl]propylJurea, 3- 

{glycidoxypropyl)trimethoxysilane. 4-(lrletho^ysllyl)butyronitriIe, 3-{lodopropyl)trimethoKysiIane, 
3-(mBrcaptopropyl)-trimethQxy$ilarte. 3-(trlethoxysilyl)proplonitrile, 4-(trtetho)cy5ilyi)butyronitrils , 

.10 ({chloromethyl)-phertylethyl)trfmethoxyBllanQ, and ((cWoromethyl)phenyl)trinr^ethOKysi|ane end 
mbttures of these. Furthemfiore, in order to control the concentration of fUncttonat groups 
and/or prevent any undesirable side reaction of catalyHcaily active metal complex with surface 
hydroxyl groups, It may be desirable to Include with the organofunctional sllane with a non- 
functlonallsed silane. Suitable non-functionallsed silanes Include alkyl sllanes having 1 to 16 

15 osrbon atoms such as propyltrlmelhoxysilana propyltrlethoxysilane. hutyltrimethoxysilane, 
hexylbutyllrlchlorosilane. dDdecyltricblorosllane. octad8cyltrlmetho?$ysilane» 
oclyltrfrnethoxysllane, octyltriethoxysilane and mixtures of these. 

Polymers often may be prepared by addition or condensation reactions of suitable monomers 
20 that include 5t least a proportion of a monomer having a suitable reactive site capable of 

reaction with the functional graup-containing ligand. Alternatively a reactive site may be grafted 
on orfarmed by a functional group inter-conversion reaction. By .functional group mtar- 
conversion we mean changing the reactive site on the polymer to; enable reaction with Ih© 
functional group-containing ligand. For example, if lha functional group containlngHigand has a 
. IB pendant hydroscyl group capable of reaction wnth the,polymer having a reactive site. It may be 
desirable to chemically convert the reactive site on the polymer from, for example a cyano- 
group to a carboxyl group or, a carboxyl group to an acld-chlorida group, to fac'ilitate $ reaction • ■ 
between said polymer and the llgand. Furthermore the potymermay have one or mora reactive 
sites. The advantage of this feature is that the support may be tailored to react with different 
.30 llgands. / 

The polymers should be Insoluble and stable under the reaction conditions. Polystyrene 
polymers and polystyrene functionallsad with PEG of- suitable molecular weight are preferredr A 
polyslyrens functlonalised with PEG, having a bromine-atom reactive site is available 
35 commercially as Tentagel S-Br. For example a polymer-supported 1 ,2-(R,R> 

diphenylethylenediamine may be prepared by reaction of 3 hydrpxyl-functlonalised 1,2-£R,R)- 
dlphenylethyienediamine. 




12-flUG-E002 15:34 FROM: 
SYN 51068 



r 



: +01633 B14444 



P.B1E''0E9 



10 



g 



The silica materials are preferably those aa described in the aforementlgned PCT application 
GBQ2/00527, prepared by the co-hydroiysls of an alky! $Ilioaia and an organofunctional silane. 
The alky! slllcatds are preferably tetraalKylsiljcatea which have thd general formula Si(OR)4 in 
which each R may be the same or drffiereht and te an alkyl group or substltijted a!kyl group 
having between 1 and 4 carbon atoms. The organofUncHonal sllanes may be halo or alkoxy 
organoflinctional silanes according to the general formula; 
(Y)aSi((Z)X)b in which; 

Y Is a halogen or alkaxy group having 1 to 3 carbon atoms; 

2 is an alkyl. aryl or alkyl-aryi group which optionally contains at least one heteroatom selected 
from oxygen, nitrogen, phosphorus or sulphur; and ' 

X Is a functional group selected from hallde, hydroxyl. csarbonyL carboxyl, anhydride, cartene, 
methacryl, epoxide, vtnyl, nitrile, mencapto, amine, imlna, amide and imide; 
a = 3 or 2, b 53 1 or 2 and a + b = 4. > 



15 In the above formula, if 2 contains an alkyi group it preferably has between 1 and 16 carbon 
atoms, IS branched or llriear an<l saturated or unsaturated. If Z contains an arvl group it Is 
preferably a substituted or unsubstltuted phenyl, phenoxy or anilkte moiety. Where X is bound 
to an alkyl group it may be bound on either a primary.- secondary or tertiary carbon. 

20 ^ The argdnofunctional silane may be selected from those commercially available or if desired 
may be prepared by reaction of an organofunctlonal stiane with a linker molecule that provides . 
a functional group capable of nsaction with a functional group-containing llgand. The (inker 
molecule may be any that contains a functional group that Is capable of reacting with the 
organofunctfonal sllane and provides a siiltable fundibnal group in the resultant silica material ' 

2S capable of reacting ^ a functional group-contalning llgand. Suitable linker molecules Include 
C1-C10 alkyl. alkcacy, alkyl-aryl, aryl, phenoxy or anillde compounds containing functional 
groups selected from halide. hydroxy I, carhonyi/carbbxyK anhydride, carbene, methacryl, 
epoxide, vliiyl, nitrife, mercapto, Isocyanate, amine, Imlne, amide and imide. Advantages of 
preparing the organofunctlonal silane in thls way are that new functional groups may be 

30 introduced in a way that is not generally possible in commercially available silanes, functional ' 
groups may be introduced at a greater distance from the silicon atom than is possible with 
cunnenUy available silanes, and such modification may provide organofunctlonal silanes that 
provide improvements in the properties of the resulting organofunctlonal silica. &.g. porosity. 



35 IWixtures of organofunctfonal silanes having different functional groups may be used to prepare 
the organofunctlonal silica, in'such mixtures 2 or more silanes may be present. This has the 
advantage that different diamines may be attached to diffarant reactive sites on the 
organofunctlonal silica. Optionally, a silane not having a functional group capable of reaction 
with a functional group-containing diamine may be used in combination with an 
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or^anofunctional silane as described above to e.g. rftduce the surfaca concentration of 
functional groupa on the silica material and Inr^prove llgand attachment Such non- 
functtonalised silane© m^y also be used to improve piher propertltes of the resulting silica 
material sudi aa porosity or pore size. Silanes such as alkyl sllariea can be used although 
5 other non-ftinQtlpnalfsBd silanes may also be used. The molecular ratio of functlonallsed and 
rton-funofionalised silanes used may be any that provides a sufficient number of reactive sites 
for tethering the diamine containing a functional group to the resulting organofu actional silica to 
provide a useful level of catalytic activity In the final catalyst. Molecular ratios may be In the • 
range 1:99 to 99:1 for any given pair of silanes. preferably 1:9 to 9:1. 

10 

Organofunctlonal silanes useliil for preparing organofiinctional silicas Include vinyltrimethoxy 
sllaoe, vinyitriethoxysnane. dichlorodlvinylsllane, 3-(aminopropyl]trImBthoxysilane, 
3-(am!nopropyI)lrietho)£ysnaneJ3-(methacryIoyloxy)-propyl]trimetho>iysilane, 
' I3-[trl(ethoxy/methQxy)silyl]propyl]urea, 3-(gIycldQxypropyl)trimethoxysllana, 

15 4-(trleihoxysllyI)butyronitriie, 3-(lodopropyl)trimethoxysllane, 3-(menQaptopropyl)- 

trimethoxysilane, 3-(triethDxy5ilyl)propionitrilB. 4'(triethoxy5ilyl)butyrDnitrile , ((chloromethyl)- 
ph6nylethyl)trimethoxysllane, and ((chloromethy!)pheny!)1aimethoxysllane and mixtures of 
thsse. Non-functlonallsed silanes Include alkyl silanes having 1 to 16 carbon atoms such as 
propyltrimethoxysiiane. propyltrielhoxysilane, butyltrimethoxysitenei hexylbutyftrtchlorositene, 

.20 dodecyltrlchlorosilane, octadecyltrimethoxysllane, octyltrlmethoxysllane, octyltrlethoxysllan© 
and mixtures of these* 

A method for preparing organofunctlonal silica by the co-hydrolysis of an alkyl silicate and an 
organofunctlonal silane Is depicted bsiow; The wgvy^iine represents the silicon atom on or 
25 vA/ilhin the resulting silica materfaL ■ "--^ 



In one embodiment, alkyl silicate and organofunctiondl silane are added to a mechanically 
stirred mixture of solvent and water. The alkyl silicate and organofunctlonal silane may be 
added together, sequentially In any order or In alternating portions* In an alternative 

30 embodiment the alkyl silicate^ organofiinctional silane and solvent are added to the 
mechanically stirred water and in yet a further embodiment the alkyl silicate and 
organofunctlonal silane without solvent are added to the mechanically stirred water. The alkyl 
silicate and organofunctlonal silane are added at a molecular ratio of greater than or e^iual to 
1:1 (silicatersilane}. Preferably the ratio of alky! silicate to silane Is between 1:1 and 99:1 and 

35 more preferably between 1 :1 and 1 0;1 . Typically the solvent, if used. Is an alcohol but may be 



Si{OR)4 ^ {Y>3Si(2)X + HgO 



+ ROHA^H 
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any other solvent suitable for performing, the co-hydrolysls reauton. For example, the solvent 
may be methanol, ethanol or propartol. Water Is present in sufficient quantity to eause 
complete hydrolysis of the alloMcide . moieties on the allcyl silicate and Is generally added in large 
excess. 



1D 



15 



20 



25 



30 



35 



A template compound may be added to the hydrolysis mixture to influence the rasulUng pore 
structure and potentially the disposition of the organofunctionality.within the pores of the 
resulUng ofQanQfunctional silica. Depending upon the method used, the template may be 
added to for example, the solvent / water mixture, the alkyi silicate / organofuncttonal silane / 
solvent ntibrture or the.alKyl silicate J organofunctional sllane mbtturs. The templates function by 
beccwning entrapped in the silica as it forms during the co-hydrolysis of the alkyi stlicate and 
organofunctional silane. Once the co-hydrolysis is complete, the entrapped template may then 
be removed by; for example, solvent extraction to laava behind poies corresponding to the 
' structure of the template molecule. Suitable solvents for solvent extraction include alcohols, 
e.g. ethanol. Template compounds may be used in the preparation of mico- and mesa- porous 
silicas (where a mlcna-pcnjus silica has an average pore width of less than 20 A and a meso- 
porous silica has an average pore width of between 20 and 600 A ). Preferably the 
organofuncttonal sHIca Is a meso-porous'sllica having an average pore width, as measured by 
BET porosftmetry, of between 20 and fiOOA 

Template compounds Include amines, quaternary ammonium salte and non-ionic poiy(ethylane 
oxid6)/(propylene oxide) surfactants such as amphillc block copolymers. Preferably the 
template molecule Is an amine. Suitable ■amines are amines having 10 or moiB carbon atoms 
in tha structure and preferably are C12 16 C18 alky! amines such as n-dodecylamina or n- 
octadecylamine or mlx&ires of thesa". The amount of template compound required will depend 
upon a number of fiactois Including tha anrounl of aikyi sHicats used, in ganeial the relative 
amounts of template molecule may vaiy |n the range 1:10 to 50:1 and preferably In the range 
1 : 1 to 1 0:1 parts by weight silicate:template compound. 

in addition to the template, a pore-enlarging additive may be included in the hydrolysis mixture. 
A known pore-enlargJng additive is mesitytene (l.a.S-lrimethylbenzene). Depending upon the 
method chosen for perfomning the co-hydrolysis reaction, the pore swelling additive may itor 
example, he combined with the silicate and organafgncHonal silane or with the water or 
waterfsolvent mixture or may be added separately to the hydrolysis mbdure. The amount of 
pore-enlarging additive that may be added will depend upon the properties of the additive; for. 
example in the present Invention 1 -2 moles of mesitytene may be added per mole of alkyi' 
silicate. 



„^ 1^^01633' 814444 P. 015^029 
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The cb-hydrolysis reaction may be performed at room tsmperaUina or if desired at elevated 
temperature depending on the physical properties of .the solvent chosen. For example the 
eo-hydroiysls reantton may be oarrled out at between 10 - SO-C for periods babveen 1 and 36 
houra When the co-hydrolyste raacHon Is complete the onganofuncBonal silica Is recovered by. 
S for example fiHratton and the template, if present renf^oved by solvent extraction. Solvent 
extraction may be effected for example by heating the re-suspended organofunotional silica In 
a suitable solvertt such as ethanol. Thls may be repeated as necessary to remove all of the 
templats prior to attachment of the functional group-containing diamine. 

1 0 It may be desirable to perform a furictiofftl Sfoup irrter-converslorv, l.e. change the functional 
groups present on the organofUnctlonaUHIca to provide a different functional group with which 
to react the functional group containlng-llgand . For example, if the functional group containing- 
ligand has a pendant hydioxyl group capable of reaction with the organofunctional silica, it may 
be desirable to chemically convert the functional group on the silica from, for example a cyano- 

15 group to a carboxyl group or, a carboxyl group to an acld-<ihloride-group. to facilitate a reaction ■ 
beb«een said silica and said ligand. Such conversions may also provide a nfieans far providing 
functional groups on the oraanplUncBonil silica not practical as a result of the method used fbr 
Ha preparation. For example, isooyanatejroups that would be undaMe Id the virater used 
during the oo-hydrolysis of alkyl silicate and oiganofunctionai sllane may be provided by intar- 

20 eonveralon of acid-chloride via a Curtis rearrangement. Alternatively, a cherhlcal conversion 
may be performed to raduce the sutfaca, concentration of functional groups capable of reaction 
with the functional group-containing, ligand by, for example, converting flie functional groups to - 
unreactive species such as hydrogen or alkyl groups; 

25 Alternatively the organofUnotional sHIca may be rBac|ed with a llriker mdecule as hereinbefore 
described that provides a funeflonal'flpoup capable of reaction with a functional group- 
containing ligand, to form a new organofunotional silica. This may be of particular use where 
ehemlcal conversion of functional groups.on the ligand Is difficult 

A reaction of a diamine containing a functional group witft an org^noiuncnonal aillB» b HiiitfUa 
a supported diamine is depicted below. Here Y represents the funotionai group on the diamine 
capat>|e of taacHon with the organofUncBpnal silica and A represents the group resulting from 
the reaction of X and Y that bonds the diamine to the organofunotipnai silica. In an alternative 
embodiment one of the diamine nitrogen atoms is protected with a removable group. e.g. a 
35 tosyj group; 



•( ■ • 

; . - r 
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SI(Z)X 



NHa 

mi 




The reaction may be achieved by any effective chamfcal reaction between the funcHonal 
groups or the oiganofuncttonai silica and flie nitrogen-containing ligand. Typical raacHans 
Include for example, esterifloatlon reaollons, amidaUon reacttons, addlUon reactions, 
substitution reactions. Insertion reacUons and carbon^jartjon coupling reactions and may be 
perfbmned by any method known to those skilled in the art For example, eaierification 
reactions may be performed between diamine and silica either having oarboxyl and hydraxyl . 
groups, anhydride and hydroxyl groups or acid-chloride and hydroxyl grpups in the presence of 
suitable catalysts or reagents. Amidation reactions may be performed between ligand and 
sDica elthsr havFng carboxyl groups and primary or secondary amine groups or anhydride • 
groups and primary or secondary amine, again in the^presence of suitable catalysts or 
reagents. ... 



15 



In order to prepare an Immobilised catalyst, a metal i»mpound is reacted with the immobilised 
nitrogen-containing ligand. ■ . - . 



20 



•25 



Accordingly the invention fislher provides an immobilised catalyst comprising the reaction 
product of an immobaised nltrogen-contajnlng ligand of fonnula (I) 



• fa* 

(I) 



Wherein R^, R'and R* are independently hydrogen, a saturated or unsaturated C1-C10 
alkyi group, an aryl group, a urethane group, a suipftonyi group or form an imine group, r\ r^, 
R ,R\ and r" are independently hydrogen, a saturated or unsaturated C1-C1Q aikyl group 
or an aryl group, n Is 0^2. and at least one of r\ r». r* ,r* r" and r'" is bound to a solid 
support, and a metal compound. 

The metal compound is preferably a compound of Sc. Ti. Zr. Hf. V. Nb. Ta. Cr. Mo. W. Mn, Tc. 
Re. Fe. Ru. Co. Rh, ir, Ni, Pd, Pt. Cu, Ag, Al, Ge. Sb or Sn. Preferably, for asymmetric 
hydrogenation reactions, the metal compound is a compound of Pd, Pt, Rh, Iror Ru: preferably 
fbr hydnolytio kinetic resolution of epoxides the metal compound Is a Co compound; preferably 
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for rlng-openlng reactions the metel compound ia a Cr qr an Al osmpound; and preferably for 
Heck raacUons the metal compound Is a M compound. The metal compound may be 
elemental metal, but is preferably a metal salt. a.g. halide. oarboxylBte, sulphonata or 
phosphonate. a rnetal alkyi or organometalllo compound. For example rhodium may be 
reacted as a 1,5-oyclooctadlene complex and far manfiartese. palladium or cobalt the metal 
may be reacted a$ the di-acetat^. 

Reactions of a metal compound with a sljpported diamine to provide <a) a poiymer-supportad 
catalyst, and (b) a silica matsrial-supported catalyst are depicted below, where A represents A 
represanta tha group resulting from the "reaction of X and Y that bbnda the diamine to the ^lid 
support; 



' Compound 



20 



25 




Metal 
Compound 




^tel 
Compound 



The reaction between metal compound and immobilised nitroaan-oontalnlng ligand may be 
achieved by methods known ta those skilled in the art and is preferably effectsd by reaction of 
a metal compound with the nitrogen-containing llgand in a suitable solvent. Such reactions 
Include, for example, llgand substitution reactiors and metal-lnseftion reactions. The metal 
may also, if desired, be subjected to steps of oxidation or reduction to provide the necessary ' • 
catalytic activity. For example cobalt catalysts may be oxidised from Co(IO to Co{III) or 
rhodium catalysts may be reduced f^om Rhdil) to Rhd). 

As staled above, preferably the supported nltrogen^ntainlng Uganda of the present invention 
are chiral ligands providing supported chiral catalysts. The supported chirai catalysts of tha 
present Invention may be applied to a large number of asymmetric reactions used to produce 
chiral products, such reactions include hydrogenation reactions, including transfer 
hydrogenation reactions, dihydroxylation reactions, hydrolysis reactions, metathesis reactions, 
carbon-carbon bond tormatlon reactions such as Hack or Suzuki reactions, hydroamination 
reactions, epoxidaHons, aziridinations, cycloaddllions. hBtaro-Dlels^lder reactions, hetero-ene 
reactibns. Clalsen raanangaments. carbonyl reduotkwis, slgmatroplc rean-angements, addUtona 
of nucleophllBS to ii-bonds. addition of nudeophiies to carbonyl groups and ring-opening 
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readions. Preferably the reactions afe hydrogenatlon reactions, transfer hydrogenatbn 
reactions, hydrolysis reactions and carbon-carbon bond formation rBsctions. The advantages 
of the catalysts of (hs pra^ant Invanlipn are that they ara readily separated from the reaction 
products and may ba ra-uead if so desired. 

The Invention ia illustrated by the following examples. 



10 



15 
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Exampis 1: Preparation of Diamina Boat^rte 

FunctlonaBsed 1.2-dlBrylamlne5 were prepared accoixBne to the following schema; 



CHO 



X 



a, X = OBn 

b, X»Br 




RuCII(R,RK3dpen)(hS-p-Cymene) {0.1 mol%) 
HCOOH-EtsN (3,1:2.6) ' 



D.MR 40 '0 




TdCI 



^ pyrtcBnef,rt.4d [\ 




NaNa 



DMF, 75-80 'CBh 



^99% yield. -95% de 




LIAJHa 



EtfiO, refl.2h» 
th^n rt, pvfirnlgt 




X^OBn. S5%(2step5) 
X - Br, 70% (a steps) 

(a) Preparation of S-Benzyloxybenz^ldehyde (la): " 

A suspension of 3-hydroxybenzaldehyde (36.64 g/'300 mmol). benzyl chloride (41.77 330 
mmol). anhydrous KaCOa (49.75 g. 360 mmol) and Nal (1.0 g) in absolute EtOH (4Q0 ml) was 
stirred and refluxed for 1 5 h. After cooling to room temperature, the salts were fUtered off, and 
washed with CH^CIa (100 ml). The filtrate was evaporated under reduced pressure. The residue 
was dissolved In EtOAc (300 ml), washed with water (100 ml) and brine (100 mD. dried 
(MgSO^). and evaporated under reduce pressure. The residue was reoystaHlzed from MeOH 
to give the product (63.87 g, 96%) as colorless crystals. NMR (COm, d): 9.97 {s. 1H), 
7.22-7.48 (m, 9H), 5.12 (s, 2H). 



(b) Preparatton of 3,3'-Diban2yloxyberi20in (2a): 

A solution of a-benzyloxybenzaidehyde (2123 g. 100 mmol) and NaCN (2,60 g) in EtOH (lOo 
ml) and water (40 ml) was refluxed for 8 h. Most of BOH was removed under reduced 
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pressure. The residue w«s dissolved in EtOAij (SOQ ml), waahad with water (2x100 ml) and 
bHne (100 ml), dried (MgS04). and evaporated under reduced pressure. The residue was 
leorystallized from MeOH to give the produot (19.52 g. 92%) gs colorless cryelals. ""H NMR 
(CDCIa. 8): 6.67- 7.53 (m, 18 H), 5.84 (d. J = 3.S Hz, 1H}, 5.04 (s, 2H). 5.00 (s. 2H), 4,51 (d, J 
S =3.8Hz, 1H). 

(c) Preparation of 3,3-Dlbrornobsnzoln (2b): 

A solution of 3-bfomoben2aldehyde (18.50 g, 100 mrnol) and NaCN (£.60 g) in et£)H (50 ml) 
and water (20 ml) was refluxed for 8 h- Most of EtOH was removed under reduced pressure. 
10 The residue was dtssolved m EtDAc (200 mQ. washed wrfth water (2x100 ml) and brine (100 
ml), dried (MgSO*), and evaporated under reduced pressure. The residue was purified by flash 
chromatography (SI02. hsxane-EtOAe = 3: 1 ) to give the product (1 7.22 g, 93%) as oils. 

(d) Preparation of (S.S)- 3,3:-Dibenzyloxy-hydroban20irt (3a): 

15 A solution of dichloro{p-cymena)nJthenium (II) dimer (2.5 mg. 0.004 mmol) and (1R,2R)-N-p- 
toiuenssulfonyl-1.2-dlphenYlethylenediamrne (3.3 mg, D.D09 mmol) in DMF (S ml) was sUrred 
for 20min at room temperature, then 3,3'-dlbeniyioxybenzoIn (2a) (3.40 g. 8 mmol), fonnlcacid 
(0.94 ml, 24.B mmol) and EtaN (2.90 ml. 20-8 mmoi) were added. The mixture was degassed 
by four freeze-thaw oycteB, and stinned at 40 *C for 24 h. The solvents were removed under 
20 reduced pressure. The residue was dissolved in EtOAc (20 ml), washed with water (2x10 ml) 
and brine (10 ml), dried {iWgS04), and evaporated under reduced prassufa. The residue was 
• purified by flash chromatography (SiO*. hexane-EtOAo = 3:1) to give the product (3.ia g. 93%) • 
as oils. ""H NMR (CDCI3. fi): 7.31-7,39 (m. 10H). 7i14 (t. J = 7,8 Hz, 2H)), 6.84 (ddd, J = 7.8, ' 
2.5 and 1.3 Hz, 2H). 6.79 {dd. J = 2.S and 1.3 Hz. 2H), 6.69 (dt. J = 7.8 and 1.3 Hz, 2H). 4.95 
25 (s,4H).4.e4(S.2H),2.85(s.2H). 

(e) Preparation of (B,S)- 3,3'-Dihraiho-h"ydrobenzqirt (3b>); 

A solution of dlcWoro(p-cymene)mthenlum (II) dimer (2.8 mg, Q.004S mmol) and (1R,2R)-N-p- 
to lu9negiilf^" yi-i p-dip hen yieihvlenediamine (37 mg, 0.01 mmol) in DMF (S ml) was stirred fbr 

30 2Dmih at room temperature, then S.S'-dibenzyloxybenzoin (2a) (3.33 g. 9 mmol). formic acid 
(1 .05 ml, 27.9 mmoi) and EfaN (3.2B mi;'23.4 mmol) Were added. The mixlurs waa dagassad by 
four fraeza-thaw cydas, and aUrrad at' 40 *C for ^4 h. The solvents wer© removed under 
reduced pressure. The residue was dissolved in EtDAo (20 ml), washed with water (2k10 ml) 
and brine (ID ml), dried (MgS04). and evaporated under reduced pressure. The residue was 

35 purified by flash chromatography (S102. hexane-EtOAc = 3:1) to give tha produot (3.06 g. 91%) 
as oils. NI^IR (CDCI,. 8): 7.39 (d, J = 7.7 Hz. 2H). 7.37 (S, 2H). 7.10 (t. J = 7.7 Hz. 2H). 6.95 
(d, j = 7.7 Hz, 2H). 4,S2 (S. 2H). 2.96 (s, 2H). 
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(0 Preparation of (1 S,2$)-1 .2-oK3-berv^loxyphenyl)-1 ,2<d[tosylaxyethane (4a): 
To 8 eolufa'on of (SiS)" SiS'-dibenzyloxy^ydrdbenzoin (3a) (10.00 g, 23.4 mn^ol) in pyridine (60 
ml) was added porUon-wtee T$Cl (10.73 g, 56.30 mmol) at 0 "C. The reaction mbdure was . 
stirred at ream tamparature for 4 days, quanched with loe water (lOO ml) wnti $]dmctsd with ... 
S CHzCi: (3x50 ml). The combined organic layers were washed with 10% HCI (2x50 ml), 
saturated NaHCOa solution {50 ml) and brine (50 ml), dried (MgS04), and evaporated under 
Induced pressure to give the crude product, which was used directly in next step without further 
purification, 'h NIWlR (CDCIa. S)l 7.52 (d.i J = 8.1 Hz, AH), 7,30-7.42 (m, 10 H), 7.11 (d, J ^ 8.1. 
Hz. 4H). e.97 (t. J = 7.8 Hz, 2H). 6.75 (dd. J = 7.8 and 2.4 Hz. 2H). 6.60 (d, J = 7.8 Hz. 2H), . 
10 5.53 (s, 2H), 4.B2 (d, J = 12.7 Hz. 2H). 4,78 (d. 4 = 12.7 Hz, 2H), 2.33 (s. 6H). "c NMR (CDCIs, 
&)'. 158. 80, 144.85. 137.07, 1.35.41. 134-07. 129,78, 129.55, 1^8.41, 128.29. 120,64, 116.34, 
113.95,83.71.70.30.21.91. 

(g) Preparation of (1S.2S)-1 ,2-OI(3-bromoph6nyl)-l,2-dltosyloxysthane (4b): 
.■ 1S To a solution of (S,S)- S.S'-dibromo-hydrobenzoin (3b) (8,56 g. 23.0 mmol) in pyridine (50 ml) 
was added portlonwiae TsCi (10.52 g, 55.2 mmol) at 0 "C The reacfion mixture was stirred at 
room temperature lor 4 days, quench ad, with Ice water (100 ml) and extracted with CHzQh . 
(3x50 ml). The combined organte layers were washed with 1.096 HCl (2x50 ml), saturated 
NaHCOa solution (60 ml) artd brine (SO- ml), dried (MgSO^), and evaporated under reduced 
^20 pressure to give the crude .product which was used directly in next step without furth«- 
purification. NMR (CDCI,. fi): 7.50 (d...J = 8.3 Hz, 4H), 7.30. (ddd. J = 7.8, 1.8 and 1.0 Hz,.. • 
2H). 7,16 (d, J = 8,3 Hz, 4H), e.9B-7.02.(m, 4H). 6.01 (dd, J = 7.8 and 1.0 Hz, 2H), 5.49 (s, 
2H). 2.39 (a. 5H). NMR (CDCb, 5): 14S.39. 135.99. 133.46. 132.44. 130.73. 130.10. . 
130.01.128.15.128.49.122.71.82,46.21.99. 

25 

(h) Preparation of (1R,2R)-15-Di(a-bBnzyioxyphenyl)Bthane-1.2-dla2ida (Sa): 

A suspension Of the crude (1S,2S)-1,2-Di(3-benzyloxyphenyl)-l;2-ditosyloxyBthane (4a) (-23 
mmol) and Nal^a (3.90 g, 60 mmol) In DMF (100 mi) was sWnsd. at 75 »C for a h. After cooling 
to room temperature, water (300 ml) was added, and extracted with EtOAc (4x50 mi). The.- 
30 combined organic layers were washed with water (2x100 ml).and brine (100 mi), dried 
(MgS04), and evaporated under reduced pressure. The resulting brown oil was purified by flash 
chromatography (SiOa. hexane-EtOAc = B:l) to give the product (6.13 g. 55%) as yellow oils. 
'H NMR (CDCI3. 6): 7.38 (m, 1QH), 7.14 (t. J 7.7 Hz, 2H), 6.86 (dm. J = 7.7 Hz. 2H), 6.69 (m. 
2H}. 6.63 (d. J = 7.7 Hz. 2H), 4.96 (s, 4H), 4.55 (s, 2H). 

35 

(i) Preparation of (lR.2R)-l,2-DI(3-bromophenyi)ethane-1,2-dlazlde {5b): 

This compound was prepared In the same way as compound (5a). Yield: 70%. 'H NMR (CDCIa. 
5); 7.40 (dm. J = 7.8 Hz. 2H). 7.25 (dd, J = 1.8 and 1.3 Hz. 2H). 7.13 (t. J = 7.8 Hz. 2H), 6.96 
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(d. J = 7.6 Hz, 2H), 4.96 (5, 4H), 4.56 (a. 2H). '"C NMR {CPCb, 6): 137.72, 132.07. 130.71. 
130.14.125.34.122.78.69.91. 

0) Preparation of (1R.2R)-1,2-DK3-benzj/loxyphenyl)elhaneH.2-dlainIne(6a)t 
Tp a solution of (lR,2R)-1,2-dl{3-benzyloxyphany0^ane-1.2-cllaade (Sa) (4.77 Si 10 f««w>'> »n 
EtaO was added porttonvrfse UAIH4 (3.14 g, 83 miriol) at 0 *C. The resulting suspension w^is 
refluxed tor 2 h, and then stirred at room temperature for overnight. Saturated NaaSO* aqueous 
solution was carefully added to the reaction mixture. The solid was filtered off, and the filtrate ■ 

was dried (NajSOi) and evaporated under reduceS pressure, the residua was triturated with 
hsxane to give the product (4.08 g. 96%) a? white Wild. NMR (CDCI,. 6): 7.2g-'7.43 (m,- 
1QH), 7.19 (t, J = 7.8 Hz. 2H), 6.92 (dd. J = 2.4 and' 1.8 Hz, 2H), 8.87 (br. d. J « 7.8 Hz, 2H), 

6.84 (ddd. J = 7.8. 2.4 and D.6 Hz. 2H). 5.02 (5. 4H). 4.05 (S. 2H), 1.64 (s. 4H). "c NMR 

{CDCb. S): 1S9.19. 146.59. 137.47. 129.62, 128.93, 128.29. 127.88. 119.98, 114.00, 113.90, 

70.41,62.13. ' 

(k) Preparation of (1R.2R)-1 .2-Di(3-bromophenyl)etfene-1 ,2-dlamine (Sb): 
This compound was prepared in the same way as compound Sa. Yield; S7%.' 



Eyample 2: Praparatlon o f PEG-modffiad TaPPEN 
20 ' Peg-^odlfled TS OPEN was prepared according to tfie following scheme; 

M$CI. N(n-CaHi7b 



MeO-PEG-OH 



MdO-PEG-OMs. 



7 



o o 

EtN{l-Pi53 




CH^2,rt 



11 



12 



(a) Preparation of Polyethylene glycol 2000 monomeaiyl ether meaytets (7) 

To a solutJon of polyethylene glycol 2000 monomethyl ether (20.00 9. 10 mmol) and tri-n- 

octylamlne (13.10 ml, 30 mmol) In CHiCb (50 ml) was added MsCI (1.55 ml. 20 mmol) ato *C. 
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The reaction mixture was stirred for 24 h at room temperature, and poured Into Et^O (1000 ml) 
with stirring. After Stiffing for 30 min at Q/C, the precipitate was collected by fillration, washed 
with EtzO (6x200 ml), and dr^d In vaccum to give the product (20.60 g) as whft$ $Q||d. 

.5 (b) Preparation of (R.R)-N-Tosyl-1 ,2-dK345fln2ylaxyphenyl)ethanBTl .2-diamine (8) 

To a soiutiort of (R.R)-1,2-dl(3-hQn2yIoxyphenyl)ethans-1.2-dlamtne (6a) (1.27 g, 3 mmo!) and 
pyridine (2 ml) In THF (15 ml) was added dropwlse a solutton ofTsCI (572 mg. 3 mmol) in THF 
(6 ml) at 0 The reaction mixture was then allowed to warm to room temperature and stirred 
overnight, THF was removed under reduced pressure. The residua was dissolved In CHoCt- 

10 (30 nnl). washed with saturated NaHCO, aqueous solution (10 ml), dried (MgS04), and 
evaporated under reduced pressure. The residue was purified by flash chromatography (SiOz. 
hexane^EtOAc := 1 !4) to give the product (1 .31 g, 75.3%) aa white solid. 

(c) Preparation of (R,R)-N^BoC'N'-tosyl-1.2-Di(3-bsn2ylo>iyphBnyl)ethane-1.2-d|amine (9) 

16 Tq a splutlon of {R,R)-N-Tosyl-1,2-di(3-benzyloxyphenyl)ethane-1»2-diamine (8) (579 mg, 1.0 
mmol) and N,N-diisopropylethyIamine (0.26 mi, IS.mmoD In CHzCIa (5 ml) was added dl-tert- 
butyl dicarbonata (240 mg, 1.1 mmol)^ The reaction mixture was stirred overnight at room 
temperature, washed with IN HCI (S ml) and brine (5 ml), dried <MgS04), and evaporated 
under reduced pressure. Tlie residue was purified,, by flash chromatography (SiQ^, hexane* 

20 EtOAo = 4:1) to giv© the product (849 mg, 95.6%) as white solid.., 

(d) Preparation of (R,R)-N"Boc^N'-tasyl-1.2-Di(3-hydroxyphenyI)ethan&-l, 2-diamine (10) 

A $uepension of (R.R)-N-BQC-N'-tosyl-1,2-dl(3-benzyloxyphenyl)Bthan6-1,2-dlamlne (9) (600 
mg, 0.88 mmoo and 10% Pd/C (20 mg) In EtOH (5 ml) was stirred for 2 h at room temperature 
25 under 10 bar of hydrogen: The reaction' mixture was filtered through e ped of Cellte, arid the 
solvent wvas then nemoved urKler reduced pressure. The residue was punTed by flash 
chromatogrephy (SlOa, hexane-EtOAc = 1:1) give the product (462 mg, 92r6%) as white 
Itsam* 

30 (e) PEG-modified pratected diamine (11) 

A suspension of (R,R)-N-BQc-N'-tasyH.2-dl(3-hydroxyphenyl)ethane-1,2-dlamine (10) (249 
mg, 0.5 mmol), polyethylene glycol 2000 monomethyl ether mesylate (7) (2.00 g. 10 mmol) 
and CSjCOs (078 mg. 3.0 mmol) In DMF (10 ml) was atlrmd overnight at 50 *C. DMF wa^ 
removed under reduced pressure? CHaCia (10 ml) wee then added. The Insoluble salts were 

36 filtered off, and the filtrate was poured Into EtO (1 50 ml) with stirring. After stirring for 30 min at 
0 *»C, the precipitate was collactad by filtration, washed wjlh EtaO (5x20 ml), and dried In 
vaccum to give the product (2. 1 5 g) as off-white solid. 
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(f)PE(3-modifi6dTsDPEN(12): . 

A soluticin of protected PEG-madifjeci diamine (11) (2.0 g) In CH2CI2 (5 rt)\) and CFsCOgH (5 ml) 
was stirred for 4 h at room temperatur^. The solvent was remqved under reduced pressure. 
The residue was dissolved In CH2CI2 (10 ml), and trI-n-octy(am(ne (S ml) was added. The 
mixture was stirred for 30 min at room temperature,. and poured Into EtaO (ISO ml) with etinring. 
After stirring fbr 30 mtn at 0 ""Ci the precipitate was tiolleoled by liltratlon. washed wtth EtiO 
(6x20 nnl), and dried m vaccuiYi to give the product (1 ,9$ 9) as off-white solid. 



Examole 3: Preparation of PEG>|modlfled OPEN 
1 0 PEG-mod(fs6d DPEN was prepared according to tha following scheme; 

etN(i-Pr)2 




MeO-PEG-OMs 
DWIF. 50 "C 




•MeO-PEG' 




MeO-PEG 



BocHN 



H2. Pd/C 
OBn ' 

13 
-100% 




PEG-OMfe 



(a) Pri*para«on of (R,R)-N.N-Bls-BoG-1,2-d((3-benzyloxyphenyl)e^^^ (13): 
To a solution of (F^R)-1,2<li(3.bBnzyJc»<yphenyl)e)^ane-1,2-dte^ (Sa) (1.32 g, 3,1 mmol) 
15 and N,N-diisopnapyleihytemine (1.21 njl. 7,0 mmol). In CHaCb (10 ml) was added dMert-butyl 
dicarbonata (142 B.5 mmol). The reaction mixture stirred overnight at room 
temperature, washed with IN HCI (5 ml) and brine (5 ml), dried (MgS04), and evaporated 



20 



25 



under reduced pressure. The residue , was purttfed Wfiagi ) dHui i id lo graphy (SiOa, h o x ane^ 
EtOAc = 4:1) to give the product (1.88 St 97.3%) as white solid. 

* * .'• * 

(b) Preparation ot<R,R)-N.N-Bls-Boo-1.2-<«(3-hydroxyphenyl)eihans-l.2-<aamlne (14); 
A duapdnsfon of (R,R)'N.N-Bls-Boo-1,.2-dlO-ben^loxyphanyI)ethane-1,2-d[amino (13) {I.SOg, 
2.4 mmol) and 10% Pd-C (SO mg) in ElOAc (10 m!) was Stirred «or 2 h at room temperature 
under 10 bar af hydragan. The reacttan mixture was filtared through a pad of Cellte, and the 
solvent was removed under reduo^ pressune. The residue was purified by flash 
qhromatography (SIO3, hexane-EtDAc = 1:1) to give the product (1.00 g, 93,7%) as white foam. 
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(c) PEG-modified protected diamine (15): 

A suspension of (R»R)-N,N-Bte-aoc-1,2-di(3-hydroxyphenyl)ethane-1,2-diamlne (14) (222 mg, 
0.5 mmol), polyethylene glycol 2000 monomdthyl ether mesylate (SS) (2.00 g. 1.0 mmol} and 
Cs^COa (978 mg, 3.0 mmol) In DMF (10 ml) we^ stirred overnight at 50 °C. DMF was removed 
under reduced pressure: CHi^CkdO ml) was added; The Insoluble eeite were filtered off. and 
the filtrate was poured into Et20 (150 ml) with stirring, Aft^f stin-lng for 30 min at 0 "^C. the 
precipitate was collected by filtration, washed with EtaO (5x20 ml), end dried in vacuum to give 
the product (2.10 g) as off-White solid. 



10 (d) PEG-modified DPEN (IS) 

A solution of PEG-modifled protected diamine (IS) (2^0 g) in CHsa^ (5 ml) and CFgCOaH (5 mi) 
was etlrred for 4 h at room tennpereture. Most of solvents were removed under reduced 
pressure. The residue was dissolved In CHzCta (10 h^l), and tri-n-octylamlne (S ml) was added. 
The mixture was stirred for 30 min at room temperature, and poured Into EtsO (150 ml) with 

15 sUrring. Afber stirring for 30 min at 0 the precipitate was collected by filtration, washed with 
Et^O (5x20 ml), and dried in vacuum to give the product (1.95 g) as pale-yeliow solid. 
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Example 4: Preparation of insoluble PQlvmer^supported DPEM 

Polymer supported PPEN was prepared according to the foUowIng scheme; 



BocHN 



Tentag^ S-Br 
Cs^Os. DMF 
then Mei * 



MeO. 



C'ftaCU, ft 




BocHN 




PS a Poiystyrane 



(a) Preparation of protected supported diamine (17): 

A suspension of (R,R)^N,N-Bis-Boc-r2-di(3-hydroxyphenyl)athane-1,2-diamin© £14) (311 mg, 
0.7 mmol), Tenteigei S-Br (0.2-0.3 mmol/g. 2.00 ^0.5 mmol) and CS2CO3 (978 mg. 3.0 
mmol) In DMF (10 mi) was stln-ed 24 h at 70 *C. After, cooling to room temperature, Mel (0.1 ml, 
1.6 mmol) was added, end the suspension was stirred for another 16 h ai 40 °C. After cooling 
to room temperature, the mixture was diluted with H2O (20 ml). The solid was collected by 
filtration, washed with H4O. IWeOH, acetone and EtaO, dried in vacuum to give polymer (17) 
(2.06 g) as yellow solid. 
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(b) Preparation of supported cllamlr»e (i i): 

A au^partsion of polymer (17) (2.06 g) lr» ChbCb CS ml) and CF3GO.H (S ml) was stirred 
overnight at room temperature, the soUd was fllter^d off. suspended in 5% Na^GQ^ aqueous 
soluh-bn (10 ml), and stirred for 4 h at room temperature. The 60IW was collected by filtration, 
washed vvith HaO. WleOH. acetone and Et,0. dried ih vacuum to give polymer (IB) (1.89 g) as 
yellow soiid. 
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Claims . 



An Immobilised nitrogen-containing lisand comprising the reaotton product of a 
compourtd of fomiula (I) 

R^4 " 



(I) 



wherein R\ and R* are independently hydrogen, a saturated or unsaturated CI- 
C1Q alkyl group, an aryJ group, a urettiane group, a sulphonyl group or form an Imlne 
group, H\ R^. R^ »R*, and R^^ are independently hydrogen, a saturated or 
' unsaturated C1-C10 alkyl group or an aryl group, n Is 0-2, and at least one of R\ R^. 
.R^. R^ and R^^ is functionalised with a functional group, and a solid support having 
a site capable of reacting with said functional group. 

2. A llgand according to clainn 1 wherein n is 0 or 1, R\ R^ and R^ are hydrogen and at 
leadt of R^ R*. and R*"** is a functional group-containing aryl group, , 

3 A ligand according bo claim 1 or claim 2 wherein R^ R^ r'' and R^ a» hydnsgen, 
sulphonyl or urethane groups. 

*. A llgand according to claim 1 or claim 2 wherein IMR^R^ and NR^R^ form Imine (N=C) 
grtiupa whereby and R^ are omitted. 

5. A ligand acoording to claim 1 or claim 2 wherein R^ end form a ring United by 
between 1 and 3 carbon atoms. 

J. A ligand accondlng to any one of claims 1 to 5 wherein the functional group that may li?e 
used to bond to the support Is selected from halogen (CI, Br. F or I), hydroxyl, allcoxy. 
carbonyl, carboxyi, anhydride, carbene, methacryl, epoxide, vinyl, nitrlle. man::apto, 
amine, [mine, amide and imide. 



7. 



A ligand according to any one of claims 1 to 6 wherein the ligand is reacted with a 
linker molecule that provides a suitable functional group capable of reaction with the 
solid support 



8. A llgand according to claim 7 wherein the linker 1^ polyethylene glycol. 
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10. 



11, 



12. 



13. 



14. ' 



A ligand according to any ond of ddim? 1 to 8 wherein solid support nnateriai to which 
the nitrogen-contairung ligand covalently bonded is a polymer, metal oxide or silica 
material that has sites capable of redding with said ilgand, said sites selected from 
hallde (Ci, Br, F, or i), hydroxyl, cariwanyl, o^rbpxyi, anhydride, carbene, methacryl, 
epoxide, vinyl, nitrile, marcapto, isocyanate, amine, imine, amide and imide. 

A ligand according to claim 9 wherein the solid support is silica, tilania, 2iro0nia, 
alumina or mixtures of these having regptive sites provided by organic compounds 
comprising carboxylio acids, anhydrides, phosphates, or sulphonatea, or m^l-organio 
compounds comprising orgenio titanates, aJuminales, xirconates or organofunctlonal 
sllanes. 

A ligand according to claim 9 wh'^rain the $o||d support is a reactive site-containing 
polystyrene or polystyrene copolymer, 

A ligand according to claim 9 wherein the solid support is an otganofunctionai silica 
materbls prepared by hydrolysis' of organofunctlonal stianes. 

A Hgand according to claim 12 wherein the soltcf support is prepared by the co- 
hydrolysis of an organofunctlonal silane and an ali^yl silicate and optionally other metal 
aikoxides. 

A method tor preparing a Hgandof formula (I) wherein n Is 0, R'and ans hydrogen, 

and are functional group-oorttaining aryl groups and R^, R' and R* are 
hydrogen, 



comprising the steps of ; 

(a) Performing a benzoin condensation on a fundionallsed benzaldehyde to give a 
functionaiised benzoin. 

(b) reducing the functlonallsed benzoin to give a functionalised hydrobenzoin, 

(c) transformDig the functlonallsed hydrobenzoin into a funclionallsed 1.2-dlaryiamirt6, 



(d) reacting the •ftjnctionalisad 1 ,2-dfarylamine with a solid support having a site 
capable of reacting with said functionalised 1,2-diaryIaminfi. 




— 



and 
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15. . An Immobilised catalyst comprising the reaction product of an Immobilised nitrogen- 
. containing ligand of formula (1) v. 

(I) 

.• wherein R^ R^ r' and R* are Independently hydrogen, a saluratsd or unsaturated C1- 
Cia alkyi group, an aryl group, a urethane group, a sulphonyl group or form an ImJne 
group, R\ R*. .R*, r* and R"-are Independently hydrogen, a saturated or 
unsaturated C1-C10 alkyI group or an aryl group, n is 0-2. and at least one of R\ R', 
,R*, and R^"* is bound to a solid support, and a metal compound. 

15. A catalyst according to claim is whereln the metal compound Is a compound of Sc. Ti. 
Zr. Hf. V. Nb, Ta, Cr, Mo, W, Mn, Tc, l^e. Fe. I^u, Co. Rh, Ir. IMI, Pd, Pt. Cu, Ag. Al. Ge, 
•. SborSn. 

17. A catafyat according to claim 1 S or claim 16 wherein the matal compound Is a 
compound of Pd. Pt. Rh. Ir or Ru. 

18. The use of an immobilised catalyst according to claim 15 for performing hydrogenaflon 
reactions, transfer hydrogenatlon reactions, dihydroxylatlon reactions, hydrolysis 

. reactions, metathesis reactions, carbon-carbon bond formation reactions such as Hecic 
or Suzuki raacHons, hydroamlnatlon reactions, epoxidations, aziridlnationB. 
oyoloaddittons, hetero-DlelsVMder reactions, hel8n>«nB reaoBons, Claisen 
rearrangements, carbonyl reducBans. aigmatrot*; rearrangements, additions of 
nucieophlles to «-faonds. addition of nudeophiles to carbonyi groups and ring-opening 
reactions. 

19. The use of an Immobilised catalyst according to claim 18 for performing hydroger^atlon 
reactions, transfer hydrogenatlon reactions, hydn^lysis ructions and carbon-carbon 
bond formation reactions. 
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Abstract 



An immobilised nitrogen-containing ligand Is described comprising the reaction product of a 
compound of formula (i) 



wherein R®, and are Indepsndently hydrogen, a saturated or unsaturated C1-C10 
alkyi flroup, an aryl group, a unathana grbLip» a sulphonyl group or form an fmine group, ft\ R^*, 
R'* ,R^, R® and R^*** are independently hydrogen, a saturated or unsaturated Ci-Cio alkyI group 
or ?n aryf group, n is 0-2, and at least one of R\ R^ R^ ,R*. and R^** ig functionallsed with a 
functional group, and a solid support having a sit© capable of reacting with said functional ' 
group. The nitrogen-containing ligand ia useful for preparing immobillaad catalysts tor 
perfonnfng e.g. asyrnmetrlc catalyste. 
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